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Multinozzle ink |et printer and method of operating such a printer. 

(B) A closed loop servo system is used to adjust the driving 
voltage applied to the drop generator in a muMnozzle plate ink 
jet printer so that the droplets in the weakest and strongest 
driven ink streams break off at the same distance from the 
nozzle plate. Charged drops are sensed by one or more sen- 
sors (48,50) and flight time data Is derived from the sensor 
output signals by electronics (60) and a controller (66). A 
programmable driver (78) adjusts the voltage applied to a 
piezoelectric crystal drop generator in response to the output 
, of tlie controll^. 
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HOLTINOZZIf INK JET PRXNTBiR AND METHW OF 
OPERATING SUCH A PRINTER 

The invention relates to .maltindzzle ink jet printers and 
methods of operating such printers. 

The use of ink jet printers for printing data and other inform- 
ation on a strip of recording media is well known in the prior art^ 
One type of conventional ink jet printer incorporates a plurality of 
electrical coinponents and fluidic con^nents. The components coact 
to enable the printing function. The fl\iidic coinponents include a 
print head having a chamber for storing a printing ink and a nozzle 
plate with one or more ink nozzles intercoxmected to the chamber. A 
gutter assexnbly is positioned downstream from the nozzle plate in 
the flight path of ink droplets. The gutter assembly catches ink 
droplets which are not needed for printing on the recording medium. 

•In order to create the ink droplets, a drop generator is associ- 
ated with the print head. The drop generator produces a perturbation 
at a frequency which forces thread- like streams of ink, which are 
initially ejected from the nozzles, to be broken up into a series of 
ink droplets at a point (called the break-off point) witMn the 
vicinity of the nozzle plate. 

A charge electrode is positioned along the flight path of the 
ink droplets. Preferably, the charge electrode is x)ositioned at the 
break-off point of the ink droplets. The function of the charge 
electrode is to selectively charge the ink droplets as they break 
off in proximity to the charge electrode. A pair of deflection 
plates is positioned downstream from the charge electrodes. The 
function of the deflection plates is to deflect a charged ink 
droplet either into the gutter or onto the recording media. 

Another type of conventional ink jet printer incorporates a 

plurality of magnetic components and fluidic components. The 
fluidic components are substantially equivalent to the fliiidic 
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components previously described. However, the electrical components 
are replaced with magnetic components for influencing the direction 
of travel of the droplet streams. This type of ink jet printer is 
well known in the prior art and, therefore, the details will not be 
described. 

One of the problems associated with ink jet printers of the 
aforementioned types, is the generation of "satellite droplets." 
The satellite droplets are usually smaller in size than the droplets 
used for printing (hereinafter called print droplets) and are 
usually interspersed therewith. Although the print droplets can be 
controlled electrically or magnetically so as to reproduce copies 
with acceptable print quality, it is extremely difficult, if not 
impossible, to control the satellite droplets. 

in the first instance, the satellite droplets tend to merge 
with the print droplets. The newly formed droplets (that is the 
print droplets plus the satellite droplets) usually have different 
charge to mass ratios. Also, the newly formed droplets (hereinafter 
called merged droplets) tend to travel at a different velocity from 
that of the normal print droplets. As was stated previously, printing 
is done by the droplets propelled in a controlled manner to impinge 
on the recording medium. When a mixture of merged droplets and 
normal print droplets are propelled towards the recording medium, 
the nonuniform properties of the droplets cause inaccurate placement 
of the droplets on. the recording medium, ©lis inaccurate drop 
placement results in poor print quality. 

Even when the satellite droplets do not merge with the print 
droplets, they tend to assume an independent flight path. The 
result is that the satellite droplets either impinge the recording 
medium randomly (that is at the wrong position) or impinge the 
components positioned around the flight path of the droplets. Where 
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the satellite droplets impact the recording- medium at the wrong 
position, the print quality is poor. Similarly, where the satellite 
droplets impinge on the con^nents, the reliability of the ink jet 
print system is reduced since the droplets wet the electrical com- 
ponents resulting in an electrical short circuit. 

The invention seeks to provide a multinozzle ink jet printer 
which is operable with a "print window" free from satellite droplets. 

A multinozzle ink jet printer in which, in operation, streams 
of ink are emitted from a multinozzle plate and broken up into 

indivijiual droplets of ink by applying a constant frequency driving 
voltage to a piezoelectric cirystal, charge electrode means chcurge 
selected ones of the droplets and sensing means senses charged 
droplets in each of the streams at a predetermined distance from the 

nozzle plate, is characterised, according to the invention, by 
including a control system for generating said driving voltage, the 
control system being responsive to the output of the sensing mea^is 
so to adjust the amplitude of the driving voltage that the droplets 
in the weakest and strongest driven streams break off at the same 
distance from the nozzle plate. 

By ensuring that the droplets in the weakest and strongest 
streams break off at the same distance from -the nozzle plate, a 
"print window" is maintained free from satellite droplets. 

According to another aspect of the invention, a method of 
operating a multinozzle ink jet printer includes generating a plurality 
of continuously flowing capillary ink streams and applying a stimulat- 
ing signal to break up the capillary streams into droplet streams, 
and is characterised by determining the strongest driven stream, 
determining the weakest driven stream and adjusting the stimulating 
signal until the bre£dc-off distance for the strongest driven stream 
is identical to the break-off distance of the weakest driven 
stream. 
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The ideal "print window" is maintained hy driving the drop 
generator through a closed-loop servo system so that the ink droplets 
in the weakest and strongest driven streams break off at the same 
distance from the nozzle plate. 

The invention will now be described by way of example, with 
reference to the accon5>anying drawings, in which:- 

FIG. 1 is a schematic diagram v^ch represents the int er relation 
between the drop generator drive voltage and the distance from the 
nozzle plate at which a droplet detaches from a capillary stream in 
a single nozzle head; 

FIG- 2 is a schematic diagram showing the relation between drop 
generator drive voltage and break-off distance for a multinozzle 
head; 

FIG. 3 is a schematic diagram of a servo-controlled ink jet 
printer einbodying the invention; 

FIG, 4 is a block diagram of an electronic circuit for measuring 
time of flight; 

FIG. 5 is a block diagram of an electronic circuit which 
generates a variable voltage for driving the drop generator; 

FIG- 6 is a graphical representation of the charging voltage 
for a droplet; 

FIG. 7 is a graphical representation of a current waveform 
induced in a drop sensor wire; 



5 



0039772 



FIG* 8 is a plot of phase versus stream number for an overdriven 
print head; 

FIG. 9 is a graphic£LL representation of an underdriven print 
head; and 

FIG. 10 is a flowchart of the processing steps for programming 
the controller of FIG. 3. 

As used in this specification, the term "break-off distance" 
means the distance between the exit from the nozzle plate and the 
point at which droplets detach from the capillary streams ejected 
from the nozzle plate. As can be seen frcMn Fig. 1, which is a 
typical plot of break-off distance versus the voltage placed on the 
drop charge generator, the break-off distzmce is strongly affected 
by the perturbation placed on the capillary streams by the drop 
generator. As the driving voltage increases, the break-off distance 
decreases to a minimal point. In FIG. 1, the minimal point is 
within the vicinity of ten mils* This minimum will vary depending 
on several characteristics of the ink jet printer such as ink proper- 
ties and head propexrties. Any increase in drive voltage beyond that 
resulting in the minimal break-off distauice will cause an increase 
in the break-off distance. Stated another way, if one drives the 
drop charge generator with a voltage greater than the voltage which 
generates the ml ni mum break-off distance, the break-off distance 
will begin to increase- It has been determined by empirical means 
that it is most advantageous to drive the drop generator with a 
voltage which forces break-off to occur at the minimum distance from 
the nozzle plate. When an ink jet head is operated at this point, 
the creation and effect of satellite droplets are significantly 
reduced if not eliminated. The plot in FIG. 1 relates to a single 

nozzle head. 
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For a Bultinozzle head {tiiat is a head Tiavinq a plurality of 
droplet streams) , operation at the mininmiii hreak-off point is equally 
important. However, this qoal is often illusive primarily because 
in a multinozzle head, the perturbation along the longitudinal axis 
of the array is nonuniform. Due to the nonuniform perturbation, 
each stream will reach its minimum at a slightly different drive 
voltage. This effect is shown in FIG. 2. Each curve in FIG. 2 
represents a stream in a multinozzle head, i.e. FIG. 2 represents a 
multinozzle head having five capillary streams* AS is shown in FIG. 
2, stream 10 represents the weakest driven stream while stream 12 
represents the strongest driven stream. As was stated previously, 
the goal is to operate the head in a satellite-free regicm. The 
satellite-free region occurs where the streams are detacMn? at the 
minimum distance f«HB the nozzle plate, hereinafter called the 
minimum break-off point. Since the streams are breaking off at 
different points in a multinozzle head, the optimum operating point 
for the multinozzle ink jet system is the point where the variation 
in break-off distance between the streams is at a minimum. Tliis 
operating point occurs vrtiere the curves for the i*eakest driven 
stream IJ and the strongest driven stream 12 intersect. The optimum 
voltage which ensures that the streams will be breaking off at this 
point is identified in FIG. 2 as V^^^. The break-off distance of 
all streams is now contained between the minimum break-off and 
break-off of the strongest/weakest driven stream. 

Referring now to PIG. 3, a block diagram of an ink jet printing 
system embodying the present invention is shown. The ink jet printing 
system is controlled so that the hareak-off distances of the capillary 
streams are maintained within a minimum range. The ink jet printing 
system includes a print assembly 14, a recMrding medium 16 and a 
controller system 18. The function of the print assembly 14 is to 
generate droplet streams which print data onto the recording medium 
16. The print assembly 14 includes a head body 20 which may be of 
any desired shape, for example rectangular or circular. The head 
body 20 is fitted with a fluid cavity 22 which is supplied with a 
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pressurized print fluid such as an electrically conductive ink. A 
piezoelectric crystal disturbance means 24 is placed %«lthin the 
conductive fluid. A nozzle plate 26 is firmly attached to head body 
20. The nozzle plate is fabricated with a plurality of orifices, 
only one of which is shown in FIG. 3 and identified as 28. The 
nozzle oi^if ice interconnects the fluid cavity with the face of the 

nozzle plate. The pressurized print fluid previously mentioned, is 
extruded as a thread-like or capillary stream from the nozzle 
orifice. Element 30 (FIG. 3) represents one of the capilleury streams 
of print fluid. When an appropriate drive voltage- is applied to the 
disturbance means 24, a pressure front is developed in the print 
fluid. The pressxire front extends in a direction perpendicular to 
the orifices in the nozzle plate. As a result, the thread-like or 
capillary stream of print fluid 30 i6 broken up into a series of 
droplets at a point downstream from the nozzle plate. The point at 
which the droplets are detached is referred to in this specification 
as the break-off point. 

Still referring to FIG. 3, downstream from the nozzle plate at 
the break-off point, a charge electrode assembly 32 is positioned. 
The function of the charge electrode assembly 32 is to charge or not 
charge individual droplet streams as they break off from the capillary 
streams. The charge electrode assembly includes sufficient 
chcirge electrodes for charging each stream individually. The print 
assembly may be fitted with an airflow tunnel 34 . The airflow " 
tunnel 34 supplies air to flow collinearly with the droplets. 
Positioned dovmstream from the charge electrode assembly is a deflec- 
tion electrode arrangement which includes an upper deflection plate 
36 and a lower deflection plate 38. Either the upper deflection 
plate 36 or the lower deflection plate 38 can be maintained at a 
positive potential while the other deflection plate is maintained at 
a negative or groimd potential. In the preferred embodiment of this 
invention, the upper deflection plate 36 is maintained at a negative 
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potential while the lowr deflection plate is maintained at ground 
potential. Dovmstream from the deflection electrode arrangement is 
a gutter assembly 40 v^ch catches droplets of print fluid not 
needed for printing on the recording mediiim 16- In the preferred 
embodiment of this invention, the recording meditmi is paper and 
travels in the direction shown by arrow 42 at a predetermined velocity. 
When a droplet is charged, the charged droplet is deflected into 
gutter assembly 40 along nor-print flight path 44. Si ini l a r ly, an 
uncharged droplet travels along print path 46 for printing on the 
paper. 

still referring to FIG. 3, a sensor means 48 is mounted within 
grounded gutter assembly 40. The sensor means is mounted so that it 
runs orthogonal to the droplet streams. The function of the sensor 
means 48, hereinafter called drop charge sensor, is to generate a 
current signal waveform when charged droplets pass within its 
vicinity. It is worthwhile noting that the drop charge sensor 48 
need not be placed within the gutter assembly. However, by placing 
the drop charge sensor within the grounded gutter assembly, it is 
electrically shielded from electrical noise. As will be esqplained 
subsequently, the current signal developed in drop charge sensor 48 
is processed by control system 18 to generate the charging phases 
for the streams and for measuring the time of flight (TOF) of the 
droplets (fram the break-off to the drop charge sensor 48). The 
time of flight is used to monitor relative break-off time (distance) 
to control the piezoelectric crystal drive amplitude so that the 
spread of break-off times (distances) between streams is minimized. 
Although a plurality of sensing means can be used for drop charge 
sensor 48, in the preferred embodiment of this invention the drop 
charge sensor is a single conductor. As charged droplets pass over 
the wire, a current is dlnduced therein. A more detailed description 
of an inductive type sensor which may be used in this invention, is 
described in U.S. Patent 3,977,010. 
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Although a single drop charge sensor 48 can be used to measure 
the passage of charged droplets, in an alternative embodiment of the 
invention, a second drop charge sensor 50 is positioned in the lower 
deflection plate. The drop charge sensor 50 is also positioned 
orthogonal to the plurality of droplet streams. The characteristics, 
function and construction of drop charge sensor SO are identical to 
that of drop charge * sensor 48 and, therefore, will not be described 
any further. Suffice it to say that by utilizing a second drop 
charge sensor spaced from the first drop charge sensor, the velocity 
and/ox the flight time of a droplet can be determined more accurately. 
Moreover, if the second sensor is located relatively close to the 
point of break-off , a more accurate determination of absolute break- 
off distcince and relative .break-off difference between streams is 
possible . 

Still referring to FIG. 3, the signals outputted from drop 
charge sensors 48 and 50 are fed over conductors 52 and 54 respec- 
tively, into control assembly 18 which produces output control 
signals on conductors 56 and 58. The control signal on conductor 56 
is used to servo control the disturbance means 24 which is sometimes 
referred to as the drop generator. Similarly, the control signals 
on terminals 58 are used for driving the charge electrode assembly 
32. 

The control' system 18 includes drop sensor electronics means 60 
which receives sensor output signals from conductor 54 and/or conductor 
52 and generates drop arrival time signals and amplitude signals.. 
These sets of signals (that is the amplitude signals and the drop 
arrival time signals) are fed over multiplexor buses 62 and 64 
respectively, into a main control means 66. Although the main 
control means 66 can be faibricated from discrete logic and/or circuit 
components, in the preferred embodiment of this invention the main 
control mean^ 66 is a conventional microcomputer. The microcomputer 
outputs control signals such as gain control signals over multiplexor 
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bus 68 to drive the drop sensor electronics means 60. Status inform- 
ation is transmitted over simplex bus 70 and simplex bus 72 to the 
microcomputer. The micrmputer outputs a control word over multiplexor 
bus 74 and an enabling signal over simplex bus 76. The signal on 
simplex bus 76 enables the programmable crystal driver means 78. 
The control word on multiplexor bus 74. is utilized by the programmable 
crystal driver means 78 to control the axnplitude of the signal 
supplied to the drop charge generator, A detailed description of 
the circuit comprising the drop charge sensor electronics means 60 

and the programmable crystal driver means 78 will be given shortly. 

The microprocessor also generates control signals for phasing 
break-off. Phasing is the process by which droplets, detaching from 
the capillary streams are supplied with a charge pulse. Ideally, 
the phase or relationship between the charging pulse and. the break- 
off is such that the drop break-off time is positioned within the 
mid-point of the charging pulse. By so doing, a maximum charge is 
supplied to the droplets- TO this end, a plurality of control 
signals are generated by the microcomputer and supplied over multi- 
plexor buses 80, 82 and 84 respectively, to the charge electrodes' 
electronics driver means 90. By %*ay of example, mode information, 
drop count information and stream select information, are some of 
the control data that are generated by the microprocessor and trans- 
mitted over the multiplexor buses to the charge electrode driver 
moawc 90. Enabling or initiating operation -of the charge electrode 
driver means is started by an enabling signal over simplex bus 92. 
Since the procedure of phasing is well known in the prior art and 
does not form part of the present invention, the operation of the 

phasing associated with the main control means 66 will not be 
described. Suffice it to say that the charge electrode driver means 
90 includes a chaurge electrode waveform generator and individual 
driver circuits for driving the individual charge electrodes located 
in charge electrode assembly 32. A more detailed description of 
phasing is given in IBM Technical Disclosure Bulletin, Vol. 22, No. 
7, December 1979, Page 2666. 
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Referring now to FIG. 4, a detailed circuit of the drop sensor 
electronic means 60 (FIG. 3) is shown. As was stated previously, a 
charged droplet or group of droplets passing over drop charge sensor 
48 induces a current %^veform therein. It should be noted that if 
one elects to use both drop charge sensors 50 and 48 to measure time 
of flight of charged droplets, then a circuit identical to that 
shown in FIG. 4 would be designed to process the signal generated in 
sensor jO (FIG. 3). Since both circuits would be identical, only 
one of the circuits, and in particular, the circuit associated with 
drop charge sensor 48, will be described in detail* As a charged 
drop or group of drops passes over drop sensor 48, a current is 
induced in the wire* A signal indicative of the current waveform is 
outputted on conductor 54 and fed into a transiii^>edance operational 
amplifier means 94 which includes a two-input operational anqplif ier 
with its output fed back to the negative input. A resistor (R) is 
placed within the feedback loop to control the gain of the amplifier. 
The signal received on conductor 54 is amplified and outputted on 
conductor 96. From conductor 96, the signal is fed into zero- 
crossing detector 98 and peak detector 100. The zero-crossing 
detector network 98 is a conventional network which outputs a signal 

(t ) on conductor 102 when a sinusoidal signal is changing from 
s 

positive to negative or vice versa. The signal t^ on conductor 101 
disables (that is stops) flight time counter 102. Enabling (that is 
stairting) the flight time counter to count is achieved by a control 
signal (t^) on conductor 104. The count which is trapped in the 
flight time counter 102 signifies the time of flight for a droplet 
from break-off point until it is sensed by the sensor postioned 

downstream. Hhe count is outputted on multiplexor bus 62 to micro- 
computer 66 (FIG. 3) . 

Turning for the moment to FIGS. 6 and 7, a graphical represen- 
tation of a charge electrode voltage 104 and an induced current 106 
is shown.' At time t^ as a droplet is detached from the capillary 
stream 30, FIG. 3, a charging pulse 104 is applied to the charge 
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electrode, sinitiltaneously, a control pulse is generated by the 
microcomputer and is applied to the counter 102 over conductor 104. 

At some later time, t the charge droplets now induce the cusnrent 

s 

waveform 106 in drop sensor 48 (FIG. 3) . When the droplet is positioned 

directly over the drop charge sensot, the zero-crossing detector 

will output a pulse on conductor 101 (FIG. 4). That pulse is used 

to stop the time-o£-£light counter from counting. As such, t^ 

enables the counter 102 while t stops the counter. The trapped 

s 

count signifies the tirae-of-flight for a particular droplet or group 
of droplets. 

Returning now to FIG, 4, the signal v^ch is outputted on 
conductor 96 is fed into integrator 109. The output of the integrator 

109 is fed into peak detector 100 which is a conventional peak 
detector and detects the maximum amplitude of the integrated cxirrent. 
The amplitude signal is fed over conductor 108 into analog-to- 
digital converter 110. The output from the analog-to-digital converter 

110 is fed over multiplexor bus 64 into the microcomputer. The 
microcomputer uses the digital amplitude signal for phasing the ink 
jet printing system. 

Referring now to FIG. 5, a block diagram for the details of the 
programmable crystal driver means 78 (FIG. 3) is shown'. The function 
of the programmable crystal driver means 78 is to dynamically adjust 
the voltage driving the piezoelectric crystial 24 (FIG. 3) until V^^^ 
(FIG. 2) is obtained wherein aill the streams emanating from the 
nozzle plate are breaking off within a minimnm range. The program- 
mable crystal driver means includes a fixed signal sovirce 112. In 
the preferred embodiment of this invention, the signal source 112 is 
a free-ruxming oscillator which generates a signal at a fixed drop 
clock frequency and having a fixed amplitude. The signal is fed 
over conductor 114 into a conventional multiplying digital-to-analog 
converter 116. The multiplying digital-to-analog (D/A) converter 
116 is fitted with a digital multipleTOr input. Multiplexor bus 74 
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is connected to the multiplexor input. The variable digital control 
word which is outpiitted- from the microcomputer, is fed over multi- 
plexor bus 74 into the D/A converter. The multiplying converter 
combines the fixed signal outputted on conductor 114 %n.th the 
variable control word outputted from the digital conqputer to generate 
a variable voltage ^^ch is outputted on conductor 118. The signal 
on conductor 118 xs coupled through a coupling capacitor 120 into 
power amplifier 122. 73ie power an^lifier amplifies the signal and 
outputs the amplified signal on conductor 124 %^ch transmits the 
signal to drive the drop generator. In the preferred embodiment of 
this invention, the multiplying D/A converter multiplies the variable 
signal on multiplexor bus 74 with the fixed signal on conductor 114. 

As was stated previously, the main control means 66 (FIG. 3) is 
a conventional microccnnputer. Any type of conventional microconqputer 
can be utilized. By way of example, the M6800 microcomputer, manufac- 
tured by Motorola Semiconductor # Inc.. is a suitable roicrocoii5)uter . 
This microcomputer has its given instruction sets, which can be 
utilized by one having ordinary skill in the art of programming, to 
generate a miachine program in accordance with a series of process 
steps to be given hereinafter. The.M6800 includes a microprocessor 
module cot^led to adequate storage. Since this microprocessor is 
well known in the art, details of its operation, will not be given 
hereinafter. 

Having described the apparatus for driving the drop-ch£urge 
generator, the process steps or method in which the apparatus is 
used to determine the optimum voltage CV^p^.) will »ow be described. 
A broad description of the process steps will be given followed by 
a detailed description aided by a flowchart. As was stated previously, 
the optimum operating point of the system, be it a single nozzle or 
multinozzle ink jet printer, is within the vicinity of minim\2m 

break-off distance. For a single nozzle stream, the minimum break- 
off distance is determined and the voltage which is associated with 
that minimum break-off is maintained as the optimum voltage for 
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driving the drop generator* In a multinozzle head,, the weakest 
driven stream is determined cuid the strongest driven stream is 
determined. In order to detejnnine the weakest driven stream and the 
strongest driven stream, the following procedure is followed: 

STEP 1 

For each stream in the multiple array, a relatively low drive 
voltage (say between six and ten volts) is applied to the drop 
generator* As a drop is detaching from the streamy a voltage is 
applied to the charge electrode* 

STEP 2 

At a point downstream from the break-off point, the drop sensor 
and associated electronic circuit measure the time of flight of the 
droplet. This time of flight is recorded. 

STEP 3 

The recorded flight times are investigated. The jet having the 
longest flight time is the strongest driven jet ^v^le the jet having 
the shoartest flight time is the weakest driven jet. 

STEP 4 

The drive to the drop charge generator is increased and the 
flight time for each jet (that is the strongest driven jet and the 
weakest driven jet) is monitored. The process, that is increasing 
the drive voltage, is continued until. the two flight times are 
identical- When the flight times are identical, the corresponding 
voltage is the optimum voltage t^^p^r see FIG. 2) for driving the 
system. 



15 



0039772 



Assuming that the spread in break-off distance is l^ss than one 
wavelength, another method which can be used to determine the break- 
off position of the stream is the so-called phasing method. With 
the phasing method, the phasing characteristics of the streams are 
used to determine the optimum drop generator drive voltage (V^p^) • 
In the phasing method, the period of the clock which is used for 
driving the drop generator is divided into a plurality of intervals, 
say N. During each of the N intervals, in turn, a signal is applied 
to the charge electrode of the weakest driven stream. The sensor - 
senses whether or not a drop is charged. The procedure is continued 
until all N intervals have been tried. One or more of the charging 
signals will result in a charged drop. The centre of the packet of 
inte3cvals which produces the charged drops is defined as the break- 
off for the stream. The procedure is repeated for the strongest 
driven stream. The drive voltage to the crystal drive is adjusted 
until the break-off charging phase is the same for the two streams. 
This voltage which creates the common break-off phase is the optimum 
drive voltage. 

Yet another characteristic of the streams which can be measured 

to identify the minimum break-off spread and hence the optimum 

operating voltage (V . ) is the break-off shape. In this method, 

opt 

the bowing of the break-off curve for all streams as the drop 

generator drive voltage changes, is used to determine whether the 

drive voltage should be increased or decreased and the optimum 

voltage (V ^) for driving the drop generator determined. FIGS. 8 
opt 

and 9 show a graphical representation of the bowing characteristics. 
In the figures, the charging phases are plotted against the stream 
numbers. The curve is obtained by noting the phase at which each 
stream is broken up into droplets and charged for a specific drive 
voltage. The convex curve in FIG- 8 represents an overdriven head 
while the concave curve of FIG* 9 represents an underdriven head. 
In operation, the controller records the phase euid streams information. 
By interrogating the stored information and noting the shape of the 
curve, the optimum voltage for driving the drop generator is determined. 



0039772 



16 

It is worthwhile noting that although the measurement of three 
stream characteristics has been described, it is within the skill of 
the art to measure other stream characteristics and use such charac- 
teristics to generate control signals to servo-control the drop 
generator. 

FIG. 10 is a flowchart showing a routine for establishing and 
maintaining the optimum voltage for driving the drop generator. The 
flowchart is sufficient to enable one skilled in the art to pirogram 
the microcomputer controller to perform the adjustment to establish 
and maintain the optimum voltage for driving the drop generator. 

Essentially, the routine con^rises an initial test path 126, a 
fine adjustment test path 128 and a periodic test path 130. At 
least the routine must incorporate initial test path 126. Particularly , 
the initial test path 126 is used to establish the minimum break-off— 
spread and the optimum operating voltage with an increment of say 
one volt. If the initial test path does not establish the optixmmi 
drive voltage, then the fine adjustment test path Is utilized with 
an increment of say 0.4 volt until the optimum operating voltage is 
determined. The periodic test path is utilized tp periodically 
recheck the head after the optimum voltage has been determined. In 
the preferred embodiment of this invention, the periodic check was 
run at a frequency less than or of one hour. 

The first block in the initial test path 126 is the initial 

test block. In effect, this is an entry block and indicates that 

the initial function of turning on the machine is performed. Block 

132 shows the initial values at which the system is set up- By way 

of example, the crystal (XTAL) drive voltage is set at six volts 

(V ) . The increment by which the initicLL voltage is increased is 
rms 

set equal 1.0 V . Simultaneously a flag called the low calibration 

rms 

(CAL) flag is set equal to 0. From block 132 the program progresses 
to block 134. The function of block 134 is to determine the minimum 
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phase spread corresponding to a particiOar crystal (XTAL) drive. In 
order to detenaine the minimum phase spread, a partictilar voltage is 
applied to the crystal drive. The break-off phase for each stream 
in the head is determined using the method previously described. As 
the break-off phase for each stream is obtained, it is recorded. 
From the recorded values, the TwS-n-Stnwm and mavjitixTm break— off phase is 
determined. The break-off phase spread for that specific head is 
determined by finding the difference between the maximum and mxnxmum 
break-off phase. Having determined the mlwiimim phase spread, the 
program then enters decisional block 136. In block 136, if the 
minimum phase spread is less than a predetermined number of phases 
(say 6 phases where one drop clock period has been divided into 16 
phases) then the program exits the block along the yes-path into * 
test block 138. In test block 138, the program checks to see that 
the phase spread is correct, the crystal drive is correct, and then 
exits the block into test block 140. In test block 140, the program 
sets the cicystal drive equal to the last crystal drive that was 
calculated in block 138. The phase spread is set equal to the phase 
spread last calculated in test block 138 and the charging phase is 
calculated. The process for determining charging phase has been 
previously described and will not be repeated. From test block 140, 
the program enters test block 142. Test block 142 is in effect, a 
status block wherein the current phase spread, charging phase and 
crystal drive values are shown on a display. From the test block 
142, the program exits at the return block 144. 

Assuming that at decisional block 136, the phase spread was 
greater than six phases, then the program exits the block along the 
no-path into decisional block 146. The program then tests to see if 
the low calibrated flag was set equal to zero. If the flag is not 
set equal to zero, the program exits the block along the no-path 

^^to decisional block 148. In decisional block 148, the program 

tests to see if the minimum phase spread is less than nine phases. 
If it is, the program exits the block along the yes path into blocks 
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138, 140, 142 and 144, respectively. Ibe function v*ich the program 
performs in each of these blocks has been previou.sly describea and 
will not be repeated. However, if on testing the minimum phase 
spread in block 148, the program determines that it is greater than 
nine phases, then the program exits the block along the no-path into 
message block 150 and shutdown block 152. The message block -signifies 
a display, informing the operator that there is no phase window 
suitable for charging the droplets. This means that the jtoase 
spread between the various break-off points of the streams is 
greater than a predetermined value, say T/2 where T equals the 

period of the drop clock. As a result of the wide phase spread, the 
drop break-off from all streams cannot.be charged reliably with 
synchronous charge electrode voltages for printing. As a result, 
blocdc 152 indicates that the processor shnt down the printing system. 



If on testing the low calibrated flag in decision block 146, 
the program determines that the flag is set to zero, then the program 
exits the block along the yes-path into operation block 154. In 
operation block 154 the crystal drive (XERL DR) is set equal to the 
current value of the crystal drive minus two volts (V^) - The 
incremental drive voltage is set for 0.4 volts iy^) - The low 

calibrated flag (LOW CM, FIAG) is set equal FP (hex) . Once the 
program sets up these initial conditions, the program exits operational 
block 154 along path 156 into operational block 134. 

TD enable optimum operation of the ink jet printing system, 
periodically the system is tested to see that the crystal drive 
voltage, the phase spread, etc., are still within an acceptable 
range. To ensure this, the periodic test path 130 is initiated for 
every hour the system, is running. Of course, the test may be run at 
a higher or lower frequency than one hour intervals. The first 
block in the periodic test path 130 is an entry block. In the entry 
block the program enters the hourly check routine. From the entry 
block, the program descends into operational block 158. In oper- 
ational block 158, the prograi determines the new phase ^read. ThB 
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new phase spread is determined by methods previously described. The 
test is performed at the current crystal ilCEKL) drive. Both the new 
phase spread and the current crystal drive are recorded. The 
program then exits into decisional block 160. In decisional block 
160, the program tests to see if the new phase spread is greater 
than five phases. If it is greater than five phases, the program 
exits the block along the yes-path into opearational block 132 where 
the program progresses to identify the optimum crystal drive voltage 
in the method previously described. If the new phase spread is less 
than five phases, then the program exits decisional block 160 along 
the no-*path into decisional block 162. In decisional block 162, the 
program runs a comparison test to see if the new phase spread is 
greater than the last phase spread set in block 140 plus one. If 
the new phase spread is not greater, then the program exits the 
block along the no-path into block 140 and the drive to the crystal 
is not adjusted. However, if the new phase spread is greater, then 
the program exits the block along the yes-path into block 154. In 
block 154, the program proceeds to fine-tune the crystal drive. 
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CLAIMS 

1. A multinoazle ink jet printer in. which, in operation, streams 
of ink are emitted from a multinozzle plate (26) and broken up into 
individual droplets of ink by applying a constant frequency driving 
voltage to a piezoelectric crystal, charge electrode means charge 
selected ones of the droplets and sensing means (48, 50) senses 
charged droplets in each of the streams at a predetermined distance 
from the nozzle plate? the printer- being characterised by including 
a control system (18) for generating said driving voltage , the 
control system being responsive . to the output of the sensing means 
(48, 50) so to adjust the amplitude of the driving voltage that the 
droplets in the weakest and strongest driven streams break off at 
the same distance from the nozzle plate. 

2. A printer as claimed in claim 1, in lahxch the conttol system 
includes electronics means (60) responsive to the output of the 
sensing means to generate a set of signals indicative of droplet 
flight times i.e. the time elapsing between drop charging and 
sensing of a charged ink droplet, controller . means (66) responsive 
to said set of signals to generate a driving voltage adjustmeiit 
signal and a variable voltage driver (78) means to provide said 
driving voltage, the variable voltage driver means being responsive 
to said driving voltage adjustment signals ' 

3. A printer as claimed, in claim 2, in vrtiich the electronics means 
includes an operational amplifier (94); a zero^crossing electrical 
network (98) operably couplea to the operational amplifier; and a 

- flight time counter (102) , coupled to said zero-crossing electrical 
network, said flight time counter having an enabling input, a disabling 
input and an output. 
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4. A printer as claimed in claim 2 or claim 3, in which the 
controller means includes a microcomputer. 

5. A printer as claimed in any of claims 2 to 4, in which the 
variable voltage driver means X78) includes a multiplying digital- 
to-analog converter (116) having a reference signal input and a 
multiplying signal input; a capacitor (118) coupled to the output 
of said multiplying, digital-to-analog converter; and a power 
amplifier (122) for anyplifying a signal outputted frcmi the capacitor. 

6. A printer as claimed in claim 5, further including a signal 
generating means coupled to the reference signal input, said signal 
generating means being operable to generate signals having a fixed 
drop clock frequency and a fixed amplitude. 

7. A printer as claimed in any preceding claim, in which the 
sensing means (48) is disposed within a gutter assembly (40) for 
catching droplets not used for printing. 

8. A printer as claimed in claim 7, further including a second 
charged droplet sensing means (50) , positioned transversely to the 
ink droplet streams and disposed between the charge electrode means 
and the gutter assembly. 

9. Method of operating a multinozzle ink jet printer including 
generating a plurality of continuously flowing capillary ink streams 
and applying a stimulating signed to break up the capillary streams 
into droplet streams; the method being characterised by determining 
the strongest driven stream; determining the weakest driven stream; 
and adjusting the stimulating signal until the break-off distance 
for the strongest driven stream is identiccil to the break-off 
distance of the weakest driven stream. 
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10. A method as claimed in claim 9, in \^ch the weakest and 
strongest driven streams are determined by: 

(i) placing an electrical charge on the droplets at the 
instant of break-off from the capillary streams; 

(ii) sensing the charged droplets at a point downstream from 
the breakoff ; 

(iii) calculating the time elapsing from droplet break-off to 
droplet sensing; 

(iv) recording the elapsed time; 

(v) repeating steps (i) r. (iv) of this claim for each stream; 

(vi) ccMnparing the recorded times to determine the minimum and 
the maximum; and 

(vii) identifying the stream %ra.th the minimum recorded time as 
the weakest driven stream and the stream with the maxmium 
recorded time as the strongest driven stream. 
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